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INDOOR UNIT OF AIR-CONDITIONING
APPARATUS HAVING AN INFRARED
SENSOR

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a U.S. national stage application of

International Application No. PCT/IP2016/086615, filed on
Dec. 8, 2016, which claims priority to International Patent
Application No. PCT/JIP2016/061125 filed on Apr. 5, 2016,

the contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to indoor units of air-
conditioning apparatuses, and 1n particular, relates to an
air-conditioning-apparatus idoor unit capable of determin-
ing an operation state of a floor heating device.

BACKGROUND

A recently developed system includes an air-conditioning
apparatus and a floor heating device that operate 1n collabo-
ration with each other (refer to, for example, Patent Litera-
ture 1). In the related-art system described 1n Patent Litera-
ture 1, both the floor heating device and an indoor unit of the
air-conditioning apparatus are controlled on the basis of
detection data from an infrared sensor.

PATENT LITERATURE

Patent Literature 1: Japanese Unexamined Patent Appli-
cation Publication No. 11-133328

In the above-described related-art system, a controller
obtains not only data on the air-conditioning apparatus but
also data on the floor heating device to control various
devices. In other words, the related-art system needs to be
configured to communicate with the floor heating device,
and 1ts versatility decreases, accordingly.

SUMMARY

The present invention has been made to overcome the
above-described disadvantages, and aims to provide an
air-conditioning-apparatus indoor unit capable of achieving
comiortable air-conditioning without communicating with a
floor heating device.

An air-conditioning-apparatus indoor unit according to an
embodiment of the present mnvention includes a casing, an
inirared sensor disposed on the casing and configured to
detect infrared radiation emitted to an air-conditioned space,
and a controller to which the infrared sensor outputs a
detection result. The controller 1s configured to convert the
detection result of the infrared sensor into overall thermal
image data representing a temperature distribution within an
infrared detection range of the infrared sensor, calculate, on
the basis of the overall thermal 1image data, a floor area of the
air-conditioned space, and obtain, on the basis of the overall
thermal 1mage data, floor thermal 1mage data including a
plurality of element data items each including coordinates
within the floor area and a floor temperature within the floor
area associated with the coordinates. The controller 1s con-
figured to determine, on the basis of the floor thermal image
data, presence or absence of a floor heating device 1n the
air-conditioned space. When the controller determines the
presence of the floor heating device, the controller 1s con-
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2

figured to determine, on the basis of data that 1s included 1n
the floor thermal 1image data and corresponds to an 1nstal-
lation region of the floor heating device, an operation state
ol the tloor heating device.

With the above-described configuration, the air-condi-
tioning-apparatus mdoor unit according to an embodiment
of the present invention can achieve comiortable air-condi-
tioning without communicating with the floor heating
device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram illustrating an exemplary
configuration of an air-conditioming apparatus including an
indoor unit according to Embodiment 1 of the present
invention.

FIG. 2 1s a perspective view of the indoor unit according,
to Embodiment 1 of the present invention.

FIG. 3 1s a diagram explaining an infrared sensor of the
indoor unit according to Embodiment 1 of the present
ivention.

FIG. 4 1s a diagram 1illustrating vertical light-distribution
view angles of the infrared sensor of the indoor unit accord-
ing to Embodiment 1 of the present invention.

FIG. 5A 1llustrates overall thermal image data including
data corresponding to a floor and walls of an air-conditioned
space (indoor space).

FIG. 5B 1s a diagram explaining a reference line, a
partition line, and another partition line.

FIG. 53C 1s a diagram explaining a boundary line obtained
on the basis of temperature variations between the partition
lines.

FIG. 5D illustrates overall thermal image data including
data corresponding to a user present in the air-conditioned
space (1ndoor space).

FIG. 6 1llustrates overall thermal 1image data 1n an on state
of a floor heating device.

FIG. 7 illustrates overall thermal image data 1n the on
state of the floor heating device 1in an operation mode for
heating the entire floor.

FIG. 8 illustrates overall thermal image data in the on
state of the floor heating device under conditions where a
piece of Turniture 1s placed on the floor of the air-conditioned
space (indoor space).

FIG. 9 illustrates overall thermal image data in the on
state of the floor heating device 1n an operation mode for
heating half of the floor.

FIG. 10 illustrates a control flowchart 1 for the indoor unit
according to Embodiment 1 of the present invention.

FIG. 11 1llustrates a modification of the control tlowchart
1 illustrated in FIG. 10.

FIG. 12 illustrates a control flowchart 2 for the indoor unit
according to Embodiment 1 of the present invention.

FIG. 13 illustrates a modification of the control flowchart
2 illustrated in FIG. 12.

FIG. 14 1llustrates a control flowchart for an indoor unit
according to Embodiment 2 of the present invention.

DETAILED DESCRIPTION

Embodiments of an air-conditioning-apparatus indoor
unmit according to the present mvention will be described
below with reference to the drawings. The present invention
1s not limited to the following embodiments. Note that the
relative sizes ol components illustrated 1n the following
figures including FIG. 1 may differ from actual relative
S1ZES.
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Embodiment 1

FIG. 1 1s a schematic diagram 1llustrating an exemplary
configuration of an air-conditioning apparatus 10 including
an indoor unit 11 according to Embodiment 1. FIG. 2 15 a
perspective view ol the indoor unmit 11 according to Embodi-
ment 1. The configuration of the air-conditioning apparatus
10 will be described below with reference to FIGS. 1 and 2.
The term “air-conditioned space” 1n Embodiment 1 refers to,
for example, an indoor space in which the indoor unit 11 1s
installed.
| Description of Overall Configuration]

The air-conditioning apparatus 10 includes the indoor unit
11 and an outdoor unit 12. The indoor unit 11 and the
outdoor umt 12 are connected by refrigerant pipes P.

The air-conditioning apparatus 10 includes a compressor
1, a four-way valve 1B, an outdoor heat exchanger 2, an
expansion device 3, and an indoor heat exchanger 4. The
compressor 1, the four-way valve 1B, the outdoor heat
exchanger 2, the expansion device 3, and the indoor heat
exchanger 4 are connected by the refrigerant pipes P.

The indoor unit 11 houses the indoor heat exchanger 4 and
an air-sending fan 5. The outdoor unit 12 houses the com-
pressor 1, the four-way valve 1B, the outdoor heat exchanger
2, and the expansion device 3. The expansion device 3 may
be disposed outside the outdoor unit 12 and the indoor unit
11 or may be disposed 1n the indoor unit 11.

The air-conditioning apparatus 10 further includes the
air-sending fan S provided to the indoor heat exchanger 4.

In addition, the air-conditioming apparatus 10 includes an
inirared sensor 9 disposed on the indoor umit 11, a thermistor
8 disposed on the mdoor unit 11, a horizontal air-directing
plate 7 for adjusting the direction of air supplied from the
indoor unit 11 to the air-conditioned space horizontally or 1n
a right-left direction, and a vertical air-directing plate 6 for
adjusting the direction of air supplied from the indoor unit
11 to the air-conditioned space vertically or in an up-down
direction.

The air-conditioning apparatus 10 further includes a con-
troller Cn. The controller Cn 1includes a controller Cnl
disposed in the indoor unit 11 and a controller Cn2 disposed
in the outdoor unit 12.

The compressor 1 compresses and discharges refrigerant.
The compressor 1 1s connected at 1ts discharge portion and
its suction portion to the four-way valve 1B.

The four-way valve 1B i1s a refrigerant flow switching
device. The four-way valve 1B 1s capable of switching
between a first position to connect the discharge portion of
the compressor 1 to the outdoor heat exchanger 2 and
connect the suction portion of the compressor 1 to the indoor
heat exchanger 4 and a second position to connect the
discharge portion of the compressor 1 to the indoor heat
exchanger 4 and connect the suction portion of the com-
pressor 1 to the outdoor heat exchanger 2.

The outdoor heat exchanger 2 1s connected at one end to
the four-way valve 1B, and 1s connected at the other end to
the expansion device 3. The outdoor heat exchanger 2 may
be, for example, a finned-tube heat exchanger. The outdoor
heat exchanger 2 acts as an evaporator when the air-
conditioning apparatus 10 performs a heating operation, and
acts as a condenser (radiator) when the air-conditioning
apparatus 10 performs a cooling operation.

The expansion device 3 1s connected at one end to the
outdoor heat exchanger 2, and 1s connected at the other end
to the indoor heat exchanger 4. The expansion device 3 may
include a pressure reducing valve capable of adjusting the
amount of expansion or may include a capillary tube.
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The indoor heat exchanger 4 1s connected at one end to the
expansion device 3, and 1s connected at the other end to the
four-way valve 1B. The indoor heat exchanger 4 may be, for
example, a finned-tube heat exchanger. The indoor heat
exchanger 4 acts as a condenser when the air-conditioning
apparatus 10 performs the heating operation, and acts as an
evaporator when the air-conditioning apparatus 10 performs
the cooling operation.

The air-sending fan 5 1s disposed in the indoor unit 11.
Specifically, the indoor unit 11 includes a casing 11A,
serving as a shell, and the air-sending fan 3 1s disposed 1n the
casing 11A. The casing 11 A has an air inlet and an air outlet.
The operation of the air-sending fan 5 causes air to be sucked
into the casing 11 A through the air inlet and causes air 1n the
casing 11A to tlow out of the casing 11A through the air
outlet. Although not illustrated, an air-sending fan may be
provided to the outdoor heat exchanger 2.

The infrared sensor 9, which 1s disposed on the casing
11A, detects infrared radiation emitted to the air-conditioned
space. The inirared sensor 9 1s disposed on lower part of the
casing 11A. Specifically, the infrared sensor 9 protrudes
from a lower surface of the casing 11A, and 1s located at a
position close to one end of the casing 11A in the longitu-
dinal direction of the casing 11A. The infrared sensor 9 1s
rotated by a stepping motor (not illustrated), and 1s capable
ol scanning infrared radiation in the air-conditioned space.
The infrared sensor 9 outputs a detection result (infrared
radiation temperature data) to the controller Cn.

The thermistor 8, which 1s disposed on the casing 11A,
measures the temperature of the air-conditioned space. The
thermistor 8 outputs a measurement result (indoor tempera-
ture data) to the controller Cn.

The horizontal air-directing plate 7 1s disposed 1n the air
outlet of the casing 11A. The horizontal air-directing plate 7
1s, for example, a plate-shaped part. The horizontal air-
directing plate 7 1s fixed to a shait (not illustrated). The
movement ol the shaft causes the horizontal air-directing
plate 7 to rotate from side to side, or horizontally. Thus, the
air-conditioning apparatus 10 can adjust the direction of air
blown from the air outlet of the casing 11 A horizontally.

The vertical air-directing plate 6 1s disposed in the air
outlet of the casing 11A, and 1s located adjacent to the
horizontal air-directing plate 7. The vertical air-directing
plate 6 1s, for example, a plate-shaped part. The vertical
air-directing plate 6 1s fixed to a shaft (not illustrated). The
movement of the shaft causes the vertical air-directing plate
6 to rotate up down, or vertically. Thus, the air-conditioning
apparatus 10 can adjust the direction of air blown from the
air outlet of the casing 11A vertically.

The controller Cn has at least three functions: a first
function of calculating a floor area of the air-conditioned
space; a second function of determining the presence or
absence of a floor heating device installed 1n the air-
conditioned space; and a third function of determining an
operation state of the floor heating device. In Embodiment
1, the third function corresponds to a function of determin-
ing, on the basis of a detection result of the infrared sensor
9, whether the floor heating device installed under the floor
of the air-conditioned space 1s 1n an on state. In other words,
the operation state 1n Embodiment 1 corresponds to the on
state or an ofl state of the floor heating device.

The first function of the controller Cn 1s achieved as
tollows, for example. The controller Cn converts a detection
result of the infrared sensor 9 1to overall thermal image data
representing a temperature distribution within an infrared
detection range of the infrared sensor 9, and calculates the
floor area of the air-conditioned space on the basis of the
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overall thermal 1image data obtained by the conversion. The
controller Cn obtains, on the basis of the overall thermal
image data, tloor thermal image data including a plurality of
clement data items each including coordinates within the
floor area and a floor temperature within the floor area
associated with the coordinates.

The second function of the controller Cn 1s achieved as
tollows, for example. The controller Cn determines, on the
basis of the floor thermal image data, the presence or
absence of a floor heating device in the air-conditioned
space. Specifically, the floor thermal image data 1s composed
of first temperature range element data items composed of
the element data items each including floor temperature
within a predetermined temperature range and second tem-
perature range element data items composed of the element
data items each including floor temperature outside the
predetermined temperature range. When the presence of the
floor heating device 1s determined (the second function), the
arca defined by the coordinates of the element data items
constituting the first temperature range element data items 1s
greater than or equal to a predetermined percentage pl of an
intended floor area. The percentage pl corresponds to a first
percentage 1n the present invention. For the intended floor
area, for example, the whole of the floor area can be used.
When the controller Cn determines the presence of the floor
heating device, the controller Cn sets a flag indicating the
presence of the floor heating device. In this case, the
controller Cn has determined the presence of the floor
heating device 1n the area defined by the coordinates of the
clement data items constituting the first temperature range
clement data items.

The third function of the controller Cn 1s achieved as
tollows, for example. When the controller Cn determines the
presence of the floor heating device, the controller Cn
determines, on the basis of data that 1s included in the floor
thermal image data and corresponds to an 1nstallation region
of the tloor heating device, the operation state of the floor
heating device. In Embodiment 1, the third function 1s
achieved, for example, 1n a manner similar to the second
function. Specifically, when the on state of the tloor heating
device 1s determined (the third function), the area defined by
the coordinates of the element data items constituting the
first temperature range element data items 1s greater than or
equal to a predetermined percentage p2 of the intended floor
area. The percentage pl and the percentage p2 may be the
same or different from each other.

The controller Cn includes the controller Cnl disposed in
the mdoor unit 11 and the controller Cn2 disposed in the
outdoor unit 12. The controller Cnl and the controller Cn2
communicate with each other, and control various actuators
tor the compressor 1 and other devices 1n collaboration with
cach other.

The controller Cn1 includes an actuator control unit 15, a
memory 18, an arithmetic unit 20, and a time measuring unit
21. The controller Cn2 includes a compressor rotation-
frequency control umit 32 and an indoor-temperature adjust-
ing unit 31. In the following description, the arithmetic unit
20 and the indoor-temperature adjusting umit 31 may also be
collectively referred to as a determination unit d.

The actuator control unit 15 controls, for example, motors
for the vertical air-directing plate 6, the horizontal air-
directing plate 7, and the air-sending fan 5, on the basis of
a determination result of the determination unit d, for
example.

The memory 18 stores data including temperature data
that 1s a measurement result of the thermistor 8, and the
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overall thermal 1image data based on a detection result of the
infrared sensor 9. The overall thermal 1image data will be
described below.

The overall thermal 1mage data 1s obtained by scanning,
the air-conditioned space through the infrared sensor 9.

The overall thermal image data includes floor thermal
image data and wall image data. When the scan range of the
infrared sensor 9 includes no walls and only the floor 1s a
target located within the scan range, the overall thermal

image data will not include wall image data.

The overall thermal 1image data 1s composed of a plurality
of element data items. The floor thermal image data 1is
composed of a plurality of element data items, and the wall
image data 1s also composed of a plurality of element data
items.

Hach element data item, or element data, 1s data corre-
sponding to the least significant bit (LSB), which 15 a
minimum umt of thermal data obtained by the infrared
sensor 9. The element data includes coordinate data (X, v)
and temperature data (1) associated with the coordinate data.
The element data 1s associated with the coordinate data
representing a first coordinate x 1n a first direction and a
second coordinate v 1n a second direction and the tempera-
ture data T representing a floor temperature at a position
defined by the first coordinate x and the second coordinate
y. In other words, the element data can be expressed as (X,
y, T).
The arithmetic unit 20 has the above-described first,
second, and third functions.

The time measuring unit 21 has a function of measuring
various time lengths. For example, the time measuring unit
21 measures time that has elapsed since activation of the
air-conditioning apparatus 10.

The indoor-temperature adjusting unit 31 gives an instruc-
tion to the compressor rotation-frequency control unit 32 to
control the compressor 1 on the basis of a determination
result of the arithmetic unit 20 and a detection result of the
infrared sensor 9. For example, when the arithmetic unit 20
determines that the floor heating device 1s on, the indoor-
temperature adjusting unit 31 gives an instruction to the
compressor rotation-frequency control unit 32 to increase,
reduce, or maintain the rotation frequency of the compressor
1.

[Description of Relfrigerant Flow]

In the heating operation, the refrigerant discharged from
the compressor 1 1s supplied to the indoor heat exchanger 4
through the four-way valve 1B. In other words, the indoor
heat exchanger 4 acts as a condenser. The refrigerant sup-
plied to the indoor heat exchanger 4 exchanges heat with air
supplied by the air-sending fan 5, and thus condenses and
liquifies. The refrigerant leaving the indoor heat exchanger
4 1s reduced in pressure by the expansion device 3, so that
the refrigerant turns into low-temperature, low-pressure,
two-phase gas-liquid refrigerant. The refrigerant leaving the
expansion device 3 1s supplied to the outdoor heat exchanger
2. In other words, the outdoor heat exchanger 2 acts as an
evaporator. The refrigerant supplied to the outdoor heat
exchanger 2 evaporates and gasifies. The refrigerant leaving
the outdoor heat exchanger 2 passes through the four-way
valve 1B, and 1s returned to the suction portion of the
compressor 1.

In the cooling operation, the refrigerant tlows 1n a direc-
tion opposite to that in the heating operation.

[Infrared Sensor 9]

FIG. 3 15 a diagram explaining the infrared sensor 9 of the

indoor unit 11 according to Embodiment 1.
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The infrared sensor 9 1s mounted on the casing 11 A such
that the infrared sensor 9 faces downward (for example, at
a depression angle of approximately 24.5 degrees) to the
floor.

As 1llustrated 1n FIG. 3, the infrared sensor 9 includes a
cylindrical part 9A made of metal and eight light-receiving
clements (not illustrated) arranged in the cylindrical part.
The eight light-recerving elements are vertically arranged 1n
a straight line. The cylindrical part 9A has an end with a lens
window (not illustrated) through which infrared radiation
can enter and reach the light-recerving elements. A light-
distribution view angle 9B of each light-receiving element 1s
defined by a vertical light-distribution view angle 9B1 of 7
degrees and a horizontal light-distribution view angle 9B2 of
8 degrees.

Although the above-described light-distribution view
angle 9B of each light-recerving element extends 7 degrees
vertically and 8 degrees horizontally, the view angles are not
limited to 7 degrees 1n the vertical direction and 8 degrees
in the horizontal direction. The number of light-receiving
clements varies depending on the light-distribution view
angle 9B of each light-receiving element. For example, 1t 1s
only required that the product of the vertical light-distribu-
tion view angle 9B1 of each light-receiving element and the
number of light-receiving elements 1s constant.

The infrared sensor 9 can be rotated from side to side
within a predetermined angle range by the action of, for
example, the stepping motor (not illustrated). Specifically,
the infrared sensor 9 can scan, for example, the floor and the
walls within a predetermined range. In this case, each time
the stepping motor rotates by 1.6 degrees, the stepping
motor stops rotating for a predetermined time (0.1 to 0.2
seconds), and data for thermal image data on the floor and
the walls 1s obtained from the light-recerving elements of the
inirared sensor 9.

The operation of rotating the stepping motor by 1.6
degrees and the operation of obtaining thermal 1image data
from the light-receiving elements are repeated, so that the
infrared sensor 9 can obtain data for overall thermal image
data. When an upper limit and a lower limit of the rotation
angle of the stepping motor are set, the stepping motor
operates as follows. For example, the stepping motor (infra-
red sensor 9) starts to rotate from the lower limit of the
rotation angle. The rotation angle of the stepping motor
(infrared sensor 9) increases to reach the upper limit, and
then decreases from the upper limit to the lower limat.

The infrared sensor 9 combines data for thermal image
data 1items obtained for respective rotation angle ranges of
the stepping motor into data for overall thermal image data.
In Embodiment 1, the stepping motor has 94 rotation angle
ranges. In other words, the angle of rotation of the infrared
sensor 9 1s approximately 150.4 degrees. The infrared sensor
9 obtains 94 thermal 1mage data 1tems by scanning an area
corresponding to the range from the lower limit to the upper
limit of the rotation angle of the stepping motor. The
controller Cn generates overall thermal 1mage data on the
basis of the 94 thermal image data items.

FIG. 4 1s a diagram 1llustrating vertical light-distribution
view angles of the mfrared sensor 9 of the indoor unit 11
according to Embodiment 1. FIG. 4 illustrates the vertical
light-distribution view angles under conditions where the
indoor unit 11 1s installed at a level of 1,800 mm from the
floor of the indoor space. The vertical light-distribution view
angle 9B1 of one light-receiving element 1s 7 degrees. FIG.
4 further illustrates an overall light-distribution view angle
9B3 corresponding to the vertical light-distribution view
angles of all of the light-recerving elements. An angle range
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9B4 1s outside the overall light-distribution view angle 9B3
of the infrared sensor 9. The angle range 9B4 1s an angle
formed by a reference wall, on which the indoor unit 11 1s
mounted, and a lower limit of the overall light-distribution
view angle 9B3.

When the depression angle of the infrared sensor 9 1s O
degrees, an equation 1s satisfied that the angle range 9B4=90
degrees—4 (the number of light-recerving elements whose
vertical light-distribution view angle 9B1 i1s less than O
degrees when the horizontal direction 1s 0 degrees)x7
degrees (vertical light-distribution view angle of one light-
receiving element)=62 degrees. As the infrared sensor 9 in
Embodiment 1 1s at a depression angle of 24.5 degrees, an
equation 1s satisfied that the angle range 9B4=62 degrees—
24.5 degrees=37.5 degrees.
|[First Function]

FIG. 5A illustrates overall thermal image data including
data corresponding to a floor A, a wall W1, a wall W2, and
a wall W3 of the air-conditioned space (indoor space). FIG.
5B 1s a diagram explaiming a reference line L0, a partition
line L2, and a partition line L1. FIG. 5C 1s a diagram
explaining a boundary line Lm obtained on the basis of
temperature variations between the partition lines L2 and
L.1. The floor A 1s represented by a dashed-lined trapezoidal
portion 1n FIG. SA. The floor A extends 1n a first direction
Drl (right-left direction) and a second direction Dr2 (depth
direction). The floor A, the first direction Drl, and the
second direction Dr2 are concepts 1n a real space. The first
direction Drl and the second direction Dr2 are parallel to the
horizontal direction.

FIG. 5D illustrates overall thermal image data including
data corresponding to a user present in the air-conditioned
space (indoor space). As 1illustrated 1n FIG. 5D, the floor A
represents as a floor area B on overall thermal image data
D1. On the overall thermal image data, the first direction Drl
in the real space corresponds to the direction of the first
coordinate x, and the second direction Dr2 1n the real space
corresponds to the direction of the second coordinate v.

As 1llustrated 1n FIG. 5D, the overall thermal 1image data
represents an increase in temperature in a region occupied
by the user in the air-conditioned space. In FIG. 5D, data
corresponding to a certain range of the first coordinate
values and a certain range of the second coordinate values
represents an increase in temperature. In FIG. 5D, the data
corresponding to the certain ranges of the first and second
coordinate values represents as thermal 1mage data D3.

The controller Cn can calculate an area corresponding to
the tloor A using the obtained overall thermal 1mage data D1
(the first function). In other words, the controller Cn can
calculate the floor area B on the basis of the overall thermal
image data D1. For such a calculation unit, a known unait
(refer to Japanese Unexamined Patent Application Publica-
tion No. 2010-91253, for example) can be used.

The controller Cn can perform the first function at pre-
determined time. Specifically, the controller Cn may per-
form the first function before the compressor 1 1s activated
or may perform the first function when the controller Cn
receives operation start data from an operation unit (remote
control) that transmits operation information.

For example, the controller Cn can obtain the floor area B
of the air-conditioned space on the basis of temperature
variations that 1s to be generated along a boundary portion
between the floor A and the walls of the air-conditioned
space.

As illustrated 1n FIG. 5B, the controller Cn has data on the
reference line L0 to be used to separate the floor A from the

surfaces of the walls W1, W2, and W3. The data on the
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reference line L0 1s obtained on the basis of, for example,
data on a capacity zone of the air-conditioning apparatus and
installation position data about the indoor unit 11 set

through, for example, the remote control. As illustrated in
FI1G. 5B, the reference line L0 does not coincide with the

boundary between the floor A and the surfaces of the walls
W1, W2, and W3.

The controller Cn can obtain the partition line L1 and the
partition line L2, each of which 1s a predetermined number
of pixels away from the reference line L0. In this case, the
predetermined number of pixels 1s, for example, two. The v
coordinate values of the partition line L1, the reference line
L0, and the partition line .2 are 1n descending order. In other
words, the reference line L0 1s located between the partition
line L1 and the partition line L2.

The controller Cn obtains data on the boundary line Lm
that separates the floor A from the surfaces of the walls W1,
W2, and W3 on the basis of data that i1s included in the

overall thermal 1mage data D1 and corresponds to a region
between the partition lines L1 and L2. In a case where
temperature variations in the y direction are large 1n pixels,
the controller Cn calculates the coordinate values of the
pixels as the coordinate values of the boundary line Lm. For
calculation of temperature variations 1n the y direction,
absolute values 1n the overall thermal 1mage data D1 may be
used or derivatives 1n the v direction may be used.

How to separate the floor A from the surfaces of the walls
W1, W2, and W3 has been described above. The controller
Cn can obtain a region corresponding to the surface of the
wall W1 and a region corresponding to the surface of the
wall W2 1n the same manner.

The controller Cn can obtain the floor area B correspond-
ing to the tloor A on the basis of the data on the boundary
line Lm. The controller Cn calculates, as the floor area B, a
region having y coordinate values greater than those of the
boundary line Lm 1n the overall coordinate range of the
overall thermal image data D1. In other words, 1n FIG. 5C,
a region located below the boundary line Lm 1n the overall
thermal 1image data D1 corresponds to floor thermal 1mage
data D2.
|Second Function]

FIG. 6 illustrates overall thermal 1mage data in the on
state of the floor heating device. FIG. 6 illustrates an
exemplary state of the floor heating device operating in an
operation mode for heating the entire floor. The second
function will be described below with reference to FIG. 6.

The second function 1s a function of determining, on the
basis of tloor thermal image data, the presence or absence of
a floor heating device in an air-conditioned space. The
controller Cn determines whether the number of element
data items each including a floor temperature within the
predetermined temperature range 1s greater than or equal to
the predetermined percentage pl of the number of element
data 1items corresponding to an intended floor area. When the
number of element data 1tems 1s greater than or equal to the
predetermined percentage pl, the controller Cn determines
the presence of the floor heating device. For example, the
controller Cn sets the intended tloor area to the whole of the
floor area B. In FIG. 6, dark portions each represent a floor
temperature within the predetermined temperature range. In
FIG. 6, temperatures, specified by temperature data, asso-
ciated with 70% or more of the element data items corre-
sponding to the floor areca B are within the predetermined
temperature range. For example, when the percentage pl 1s
60%, the controller Cn determines the presence of the floor
heating device.
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| Third Function]

FIG. 7 illustrates overall thermal image data D1 1n the on
state of the floor heating device in the operation mode for
heating the entire floor A.

FIG. 8 illustrates overall thermal image data D1 1n the on
state of the floor heating device under conditions where a
piece ol furniture 1s placed on the floor A of the air-
conditioned space (indoor space).

FIG. 7 illustrates a state in which the floor heating device
1s on and the whole of the floor A (the entire floor area B)
1s heated.

However, even when the whole of the floor A 1s heated,

a piece ol furniture, such as a sofa and a table, mn the
air-conditioned space will block part of infrared radiation
emitted from the floor A. Consequently, thermal 1image data
D4 corresponding to a certain range of the first coordinate
values and a certain range of the second coordinate values
represents a lower temperature than temperatures repre-
sented by data corresponding to regions surrounding the
range corresponding to the thermal 1image data D4. In FIG.
8, the data corresponding to the certain range of the first
coordinate values and the certain range of the second
coordinate values 1s 1llustrated as the thermal 1mage data D4.
Consequently, the thermal image data D4 divides thermal
image data representing high temperatures. For example,
when the operation state of the floor heating device 1s
determined only on the basis of a temperature distribution 1n
the first direction (direction of the first coordinate X) or a
temperature distribution in the second direction (direction of
the second coordinate y), the accuracy of determination of
the operation state of the floor heating device 1s reduced by
the division of the thermal image data. In other words,
although the floor heating device 1s actually on, a region
representing high temperatures 1s divided into short seg-
ments, and thus the floor heating device may be determined
to be ofl. The imndoor unit 11 according to Embodiment 1 can
avold such an erroneous determination.

The controller Cn has a function of obtaining overall
thermal 1image data D1 representing a temperature distribu-
tion 1n the mirared detection range of the infrared sensor 9
on the basis of a detection result of the infrared sensor 9.
Furthermore, the controller Cn determines, on the basis of
floor thermal 1mage data D2 that 1s included in the overall
thermal 1mage data D1 and represents a temperature distri-
bution in the first direction Drl of the floor A and the second
direction Dr2 intersecting the first direction Drl, whether the
heating device 1s 1 the on state.

Specifically, when element data 1tems each representing a
temperature higher than a first temperature threshold
account for a predetermined percentage p2 or more of a
predetermined number of element data 1tems, the controller
Cn determines that the floor heating device 1s on. As
described above, the determination unit d of the controller
Cn uses not a temperature distribution 1n the first direction
Drl (direction of the first coordinate x) or the second
direction Dr2 (direction of the second coordinate y) but a
temperature distribution in both the first direction Drl
(direction of the first coordinate x) and the second direction
Dr2 (direction of the second coordinate y) to determine the
operation state of the floor heating device. Consequently, the
accuracy of determination of the operation state of the floor
heating device can be increased. The eflect of the increase in
determination accuracy 1s great particularly 1n a case where
a piece of furniture 1s placed in the air-conditioned space as
illustrated i FIG. 8.

In the case illustrated 1n FIG. 7, the controller Cn deter-
mines the on state of the floor heating device in the follow-
Ing manner.
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In the case where element data items each representing a
temperature higher than the first temperature threshold (e.g.,
25 degrees C.) account for the percentage p2 (e.g., 60%) or
more of the total number of element data items, the con-
troller Cn determines that the floor heating device 1s on.

In FIG. 7, the total number of element data items 1s 270.
The number of element data items each representing a
temperature higher than the first temperature threshold 1s
193. Consequently, an equation 1s satisfied that 193/270=ap-
proximately 71%, which exceeds the percentage p2. Thus,
the determination unit d of the controller Cn determines that
the floor heating device 1s on.

In the case illustrated in FIG. 8, the controller Cn deter-
mines the on state of the floor heating device 1n the follow-
Ing manner.

In FIG. 8, the total number of element data items 1s 270,
which 1s the same as that in FIG. 7. In this case, the number
of element data items each representing a temperature higher
than the first temperature threshold 1s 163, which 1s lower
than that 1 FIG. 7 because of the existence of the piece of
turmiture. However, an equation 1s satisiied that 163/270=ap-
proximately 60.3%, which exceeds the percentage p2. Thus,
the determination unmt d of the controller Cn can determme
that the tloor heating device 1s on. In other words, even when
the thermal 1mage data D4 divides the thermal image data
representing high temperatures, the controller Cn can deter-
mine that the floor heating device 1s on.

FIG. 9 illustrates overall thermal image data D1 1n the on
state of the floor heating device 1n an operation mode for
heating half of the entire tloor A.

Some floor heating devices have a mode for heating half
of the entire floor A and another mode for heating 34 of the
floor A 1n addition to the mode for heating the whole of the
floor A. In such a mode, the controller Cn can accurately
determine whether the floor heating device 1s on.

In a case where element data 1tems each representing a
temperature higher than the first temperature threshold (e.g.,
25 degrees C.) account for the percentage p2 (e.g., 60%) or
more of element data items belonging to a first range of
consecutive first coordinate values X and a second range of
consecutive second coordinate values vy, the controller Cn
determines that the heating device 1s on.

With such a configuration, the determination unit d of the
indoor unit 11 can determine the on state of the floor heating
device even 1n the mode for heating, for example, half of the
entire floor A. In the above description, the percentage p2 1s
equal to the percentage pl. The percentage p2 may differ
from the percentage pl.

In the case illustrated 1in FIG. 9, the controller Cn deter-
mines the on state of the floor heating device in the follow-
Ing manner.

In FIG. 9, the number of element data 1tems belonging to
a first range rl of consecutive first coordinate values x and
a second range r2 ol consecutive second coordinate values
y 1s 135. In the controller Cn, the first range rl and the
second range r2 are set for the mode for heating half of the
floor A. The controller Cn has a variety of first ranges r1 and
a variety of second ranges r2 for other modes of the floor
heating device.

In this case, the number of element data items each
representing a temperature higher than the first temperature
threshold 1s 90, and an equation 1s satisfied
that °%13s=approximately 66.6%, which exceeds the percent-
age p2. Thus, the controller Cn can determine that the floor
heating device 1s on.

In the above description with reference to FIGS. 7 to 9,
the controller Cn uses the first temperature threshold. Any
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other threshold may be used. For example, a second tem-
perature threshold (e.g., 35 degrees C.) greater than the first
temperature threshold may be set in addition to the first
temperature threshold 1n the controller Cn. Specifically, the
determination unit d of the controller Cn determines the on
state of the heating device 1n a case where element data
items each representing a temperature higher than the first
temperature threshold and lower than the second tempera-
ture threshold higher than the first temperature threshold
account for the percentage p2 (e.g., 60%) or more of the total
number of element data 1items. Floor heating devices achieve
temperatures typically ranging from approximately 25
degrees C. to approximately 35 degrees C. Setting not only
a lower limit (first temperature threshold) but also an upper
limit (second temperature threshold) achieves a further
increase 1n accuracy of determination of the operation state
of the floor heating device.

As regards how to determine the first and second tem-
perature thresholds, although 25 degrees C. and 35 degrees
C. are used as examples 1n the above description, any other
values may be used. The first and second temperature
thresholds may be determined on the basis of a temperature
measured by the thermistor 8. Specifically, the controller Cn
may set the first temperature threshold to a temperature
higher than the temperature measured by the thermistor 8
and set the second temperature threshold to a temperature
higher than the first temperature threshold.

For the third function, the controller Cn determines the
operation state of the floor heating device. Control to be
performed 1n a case where the controller Cn determines the
on state of the floor heating device and control to be
performed 1n a case where the controller Cn determines the
ofl state of the floor heating device will be described below.
In the case where the controller Cn determines the ofl state
of the floor heating device, the controller Cn performs
control based on the difference between a set temperature
and an indoor temperature (NO 1n step S1 in FIG. 10) or
control based on the difference between the indoor tempera-
ture and a tloor temperature (NO 1n step S11 1n FIG. 12). For
example, when the floor temperature 1s sigmificantly lower
than the indoor temperature, the controller Cn increases the
rotation frequency of the compressor 1. For example, when
the floor temperature 1s significantly lower than a set tem-
perature of the indoor space, the controller Cn 1increases the
rotation frequency of the compressor 1.

When the controller Cn determines that the floor heating
device 1s on, the controller Cn performs control based on a

sensible temperature 1 addition to the difference between
the set temperature and the indoor temperature (YES 1n step
S11n FIG. 10) or control based on the difference between the
indoor temperature and the floor temperature (YES 1n step
S11 1n FIG. 12). This operation eliminates or reduces a
likelihood that a user may feel a current of cold atr.
|Control Flowchart 1]

FIG. 10 illustrates a control flowchart 1 for the indoor unit
11 according to Embodiment 1.

When the controller Cn determines, during the heating
operation, that the floor heating device 1s on, the controller
Cn adjusts the rotation frequency of the compressor 1 on the
basis of a set temperature and a sensible temperature
obtained by subtracting a temperature correction value (cor-
rection value Col, which will be described later) from a
temperature measured by a temperature sensor (thermistor
8). Furthermore, when the difference between the set tem-

perature and the sensible temperature 1s greater than or equal
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to a predetermined value, the controller Cn increases the
rotation frequency of the compressor 1. Such a configuration
will be described below.

(Step SO)

The controller Cn performs the heating operation. In step
S0, the floor area B has been obtained, and the presence of
a floor heating device has been determined.

(Step S1)

The controller Cn determines whether the floor heating
device 1s on.

(1) When the controller Cn determines that the floor
heating device 1s ofl, the process proceeds to step S4.

(2) When the controller Cn determines that the floor
heating device 1s on, the process proceeds to step S2.
Proceeding to step S2 performs control for maintaining the
rotation frequency of the compressor 1 (step S4) or increas-
ing the rotation frequency (step S3). The reason for per-
forming such control 1s that an indoor temperature corrected
on the basis of a detection result of the infrared sensor 9 1n
the on state of the floor heating device may cause the user
to feel a current of cold air. Specifically, when the floor
heating device 1s operating under conditions where an actual
indoor temperature 1s not so high, the inirared sensor 9 1s to
correct the indoor temperature on the basis of the tempera-
ture of the floor heated by the floor heating device. In other
words, a high sensible temperature may be determined,
causing control for reducing the rotation frequency of the
compressor 1. When control for reducing the rotation fre-
quency of the compressor 1 1s performed under conditions
where an actual indoor temperature 1s not so high, the user
may feel a current of cold air. To avoid such a situation,
control for reducing the rotation frequency of the compres-
sor 1 1s not performed. Instead, control for maintaining or
increasing the rotation frequency of the compressor 1 1is
performed.

(Step S2)

The controller Cn determines whether a value obtained by
subtracting the temperature measured by the thermistor 8
from a set temperature of the air-conditioned space set
through, for example, the remote control, 1s greater than or
equal to al.

When the value 1s greater than or equal to a1, the process
proceeds to step S3.

When the value 1s not greater than or equal to al, the
process proceeds to step S4.

(Step S3)

The controller Cn increases the rotation frequency of the
compressor 1.

An 1ncrease may be a constant or may vary depending on
the difference between the set temperature and the indoor
temperature. In other words, an increase in rotation Ire-
quency of the compressor 1 may be increased as the difler-
ence 1ncreases.

The controller Cn makes a determination on the basis of
the following expression 1n step S2.

Set temperature 7set—Indoor temperature fa=al (Expression 1)

In this expression, an equation 1s satisfied that a1=Cl]
(constant)+correction value Col.

The correction value Col 1s a positive value and 1s not
determined on the basis of the floor temperature.

Expression 1 described above can be rewritten as follows.

Set temperature 7set—(Indoor temperature Za+Cor-
rection value Col)=C1 (constant)

In this expression, the sum of the indoor temperature Ta
and the correction value Col 1s a value corresponding to the
sensible temperature.
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The reason why the correction value Col 1s used 1s to
avold an erroneous determination that the indoor space is
heated 1n the on state of the floor heating device. Specifi-
cally, when the infrared sensor 9 scans the indoor space 1n
the on state of the floor heating device, the floor temperature
1s high, so that the controller Cn may erroneously determine
that the indoor space 1s heated. In such a case, although the
indoor space 1s not sufliciently heated and the rotation
frequency of the compressor 1 should not be reduced, the
controller Cn may perform control for reducing the rotation
frequency of the compressor 1.

For this reason, when the controller Cn determines that
the floor heating device 1s on (step S1 to step S2), the
controller Cn of the indoor umit 11 according to Embodiment
1 uses Expression 1 described above. When this expression
1s satisfied, the controller Cn increases the rotation fre-
quency ol the compressor 1 (step S3). When the expression
1s not satisfied, the controller Cn maintains the rotation
frequency of the compressor 1 (step S4 1n FIG. 10). An
increase 1n rotation frequency of the compressor 1 may be
set greater as the difference between the set temperature and
the sensible temperature increases.
|[Modification of Control Flowchart 1]

FIG. 11 1llustrates a modification of the control tlowchart
1 of FIG. 10.

A long heating operation raises warm air from below 1n
the air-conditioned space, so that the entire air-conditioned
space becomes heated. Consequently, the process of the
control flowchart 1 of FIG. 10 1s preferable to be performed
temporarily. A control flowchart 1 according to the modifi-
cation 1llustrated 1n FIG. 11 includes step S4. In step S4, the
controller Cn determines whether a predetermined time has
clapsed since the increase in the rotation frequency of the
compressor 1 1 step S3. Step S4 1s repeated until the
predetermined time elapses. When the predetermined time
has elapsed, the process proceeds to step S5, and the control

process 1s terminated. The operations 1n steps S1, S2, S3,
and S35 1 FIG. 11 are the same as those 1n steps S1, S2, S3,

and S4 1n FIG. 10.

When the process proceeds from step S4 to step S5, the
controller Cn may reduce the rotation frequency of the
compressor 1. For example, when the process proceeds from
step S4 to step S5, the controller Cn sets the rotation
frequency of the compressor 1 back to the rotation frequency
before the rotation frequency 1s increased 1n step S3.
[Control Flowchart 2]

FIG. 12 1llustrates a control flowchart 2 for the indoor unit
11 according to Embodiment 1.

When the controller Cn determines, during the heating
operation, that the floor heating device 1s on, the controller
Cn maintains or increases the rotation frequency of the
compressor 1.

(Step S10)

The controller Cn performs the heating operation. In step
510, the tloor area B has been obtained, and the presence of
the floor heating device has been determined.

(Step S11)

The controller Cn determines whether the floor heating
device 1s on.
(Step S12)

The controller Cn determines whether a value obtained by
subtracting a floor temperature Tiav, obtained from a detec-
tion result of the inifrared sensor 9, from a temperature
measured by the thermistor 8 1s greater than or equal to
B1  (predetermined temperature difference).

When the value 1s greater than or equal to 1, the process
proceeds to step S13.
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When the value 1s not greater than or equal to 1, the
process proceeds to step S14.
(Step S13)

The controller Cn increases the rotation frequency of the
compressor 1.

In this case, an increase may be a constant or may vary
depending on the difference between the temperature mea-
sured by the thermistor 8 and the floor temperature Tiav
obtained from the detection result of the infrared sensor 9.
In other words, an increase 1n rotation frequency of the
compressor 1 may be increased as the difference increases.

The value 31 1s previously set 1n the controller Cn. The
value f1 may be a variable or a constant.

Performing the process of the control tlowchart 2 of FIG.
12 can obtain substantially the same advantageous eflects as
those obtained by performing the process of the control
flowchart 1 of FIG. 10.

As regards the condition i step S2 in FIG. 10, the
condition that a specified time has not elapsed since activa-
tion of the air-conditioning apparatus 10 may be used.
Specifically, when the condition in step S2 or the condition
that the specified time has not elapsed since the activation of
the air-conditioning apparatus 10 1s satisfied, the process
proceeds to step S3. When neither of the conditions 1s
satisiied, the process proceeds to step S4.

Furthermore, as regards the condition 1n step S12 1n FIG.
12, the condition that the specified time has not elapsed since
the activation of the air-conditioning apparatus 10 may also
be used. Specifically, when the condition 1n step S12 or the
condition that the specified time has not elapsed since the
activation of the air-conditioning apparatus 10 1s satisfied,
the process proceeds to step S13. When neither of the
condition 1s satisiied, the process proceeds to step S14.

When the air-conditioning apparatus 10 1s activated, 1t 1s
likely that the floor may be heated by the floor heating
device but the indoor space may be at a low temperature, or
may not be heated. Using the above-described configuration
cases the conditions m steps S2 and S12, thus readily
causing control for increasing the rotation frequency of the
compressor 1. This configuration ensures that a reduction 1n
user comiort 1s avoided.
| Modification of Control Flowchart 2]

FI1G. 13 1llustrates Modification of the control flowchart 2
illustrated 1n FIG. 12.

For the same intention as that in the flowchart illustrated
in FIG. 11, the control flowchart 2 1llustrated in FIG. 12 can
be modified into a flowchart 1llustrated in FIG. 13. Specifi-
cally, a long heating operation raises warm air from below
in the air-conditioned space, so that the entire air-condi-
tioned space becomes heated. Consequently, the process of
the control tlowchart 2 illustrated in FIG. 12 is preferable to
be performed temporarily. The control flowchart 2 according,
to the modification illustrated 1n FIG. 13 includes step S14.
In step S14, the controller Cn determines whether a prede-
termined time has elapsed since the increase in the rotation
frequency of the compressor 1 1n step S13. Step S14 1s
repeated until the predetermined time elapses. When the
predetermined time has elapsed, the process proceeds to step
S15, and the control process 1s terminated. The operations 1n
steps S11, S12, S13, and S15 in FIG. 13 are the same as
those 1n steps S11, S12, S13, and S14 i FIG. 12.

When the process proceeds from step S14 to step S15, the
controller Cn may reduce the rotation frequency of the
compressor 1. For example, when the process proceeds from
step S14 to step S15, the controller Cn sets the rotation
frequency of the compressor 1 back to the rotation frequency
betfore the rotation frequency 1s increased 1n step S13.
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ects of Embodiment 1

Advantageous E

According to Embodiment 1, whether the floor heating
device 1s on 1s determined using the inirared sensor 9, and
the rotation frequency of the compressor 1 1s adjusted, thus
achieving comiortable air-conditioning. In other words, 1n
Embodiment 1, comiortable air-conditioming 1s achieved
without communication with the floor heating device.

The mdoor unit 11 of the air-conditioning apparatus 10
according to Embodiment 1 converts a detection result of the
inirared sensor 9 1nto overall thermal 1mage data D1 repre-
senting a temperature distribution within the infrared detec-
tion range of the infrared sensor 9, and determines, on the
basis of tloor thermal 1mage data D2 that 1s included 1n the
overall thermal image data D1 and represents a temperature
distribution 1n the first direction Drl of the floor and the
second direction Dr2 intersecting the first direction Drl,
whether the heating device 1s on. Thus, the accuracy of
determination of whether the floor heating device 1s on can
be increased.

The mdoor unit 11 of the air-conditioning apparatus 10
according to Embodiment 1 can avoid a reduction 1n rotation
frequency of the compressor 1 1n a situation where the
rotation Irequency of the compressor 1 should not be
reduced, even 1n the on state of the floor heating device. This
configuration can reduce or eliminate a reduction in user
comiort.

The indoor unit 11 of the air-conditioning apparatus 10
according to Embodiment 1 can increase the accuracy of
detection of the on state of the floor heating device. Con-
sequently, air-conditioning control adjusted for the operation
of the floor heating device can be facilitated, thus reducing
an 1crease 1 power consumption.

In Embodiment 1 described above, the indoor unit 11 1s
installed 1n the same space as the air-conditioned space. The
indoor unit 11 and the air-conditioned space may be located
in another manner. For example, the imndoor unit 11 of the
air-conditioning apparatus 10 may be installed outside the
air-conditioned space, and the air outlet of the indoor unit 11
may communicate with the air-conditioned space via a duct.
In such a case, the infrared sensor 9 may be separated from
the casing 11 A of the indoor unit 11, and may be disposed
in the air-conditioned space.

[Modification 1]

Although the control target 1n FIGS. 10 and 11 1s the
compressor 1, the air-sending fan 5 can be a control target.
Specifically, when the controller Cn determines, during the
heating operation, that the floor heating device 1s on, the
controller Cn adjusts the rotation frequency of the air-
sending fan 5 on the basis of a set temperature and a sensible
temperature obtained by subtracting a temperature correc-
tion value (correction value Col) from a temperature mea-
sured by the temperature sensor (thermistor 8). When the
difference between the set temperature and the sensible
temperature 1s greater than or equal to a predetermined
value, the controller Cn increases the rotation frequency of
the air-sending fan 5. After the controller Cn increases the
rotation frequency of the air-sending fan 5, the controller Cn
may reduce the rotation frequency. For example, when a
predetermined time has elapsed since the increase in the
rotation frequency of the air-sending fan 3, the controller Cn
sets the rotation frequency of the air-sending fan 5 back to
the rotation frequency belfore the rotation Irequency 1is
increased.

Furthermore, when the difterence between the set tem-
perature and the sensible temperature 1s less than the pre-
determined value, the controller Cn maintains the rotation
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frequency of the air-sending fan 5. Such a configuration
offers advantageous eflects similar to those described with

reterence to FIGS. 10 and 11.
[Modification 2]

Although the control target in FIGS. 12 and 13 is the
compressor 1, the air-sending fan 5 can be a control target.
Specifically, when the controller Cn determines, during the
heating operation, that the floor heating device i1s on, the
controller Cn adjusts the rotation frequency of the air-
sending fan 5 on the basis of a value obtained by subtracting
the floor temperature Ttav, obtained from a detection result
of the infrared sensor 9, from a temperature measured by the
thermistor 8. When the value obtained by the subtraction 1s
greater than or equal to 31  (predetermined temperature
difference), the controller Cn increases the rotation fre-
quency of the air-sending fan 5. After the controller Cn
increases the rotation frequency of the air-sending fan 5, the
controller Cn may reduce the rotation Irequency. For
example, when a predetermined time has elapsed since the
increase in the rotation frequency of the air-sending fan 5,
the controller Cn sets the rotation frequency back to the
rotation Irequency before the rotation {requency 1s
increased.

When the value obtained by the subtraction is less than
31, the controller Cn maintains the rotation frequency of the
air-sending fan 5. Such a configuration offers advantageous

effects similar to those described with reterence to FIGS. 12
and 13.

[Modification 3]

Although the control target in FIGS. 10 to 13 1s the
compressor 1, the vertical air-directing plate 6 can be a
control target. Specifically, when the controller Cn deter-
mines that the floor heating device 1s on, the controller Cn
adjusts the angle of the vertical air-directing plate 6 to
increase an angle formed by the floor and a virtual plane that
1s parallel to the vertical air-directing plate 6 and intersects
the floor. In other words, the vertical air-directing plate 6 1s
directed toward the floor. Consequently, the indoor unit 11
increases the amount of air supplied to lower part of the
air-conditioned space, compared to that to upper part of the
air-conditioned space. Such a configuration prevents the
controller Cn from erroneously determining that, due to the
floor heated by the floor heating device, the user does not

feel cold.

Embodiment 2

In Embodiment 2, explanation of components and parts
common to Embodiments 1 and 2 1s omitted. The following
description will be focused on differences from Embodiment
1. Embodiment 2 differs from Embodiment 1 in the third
function. In Embodiment 1, the third function 1s to deter-
mine whether the floor heating device 1s on. In Embodiment
2, the third function 1s to determine the extent ol a heated
region of the floor heated by the floor heating device.

The controller Cn determines whether the area defined by
the coordinates of eclement data items constituting first
temperature range element data items 1s greater than or equal
to a predetermined percentage p3 of the floor area B, and
determines, on the basis of the determination result, the
operation state of the floor heating device. The percentage
p3 corresponds to a second percentage in the present inven-
tion.

In Embodiment 2, for example, the percentage pl 1s 30%
and the percentage p3 1s 20%.

FI1G. 14 1llustrates a control flowchart for an indoor unit
11 according to Embodiment 2.
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(Step S20)

The controller Cn performs the heating operation (step
S20).

(Step S21: First Function)

The controller Cn obtains floor thermal 1mage data D2 on
the basis of overall thermal image data D1. In other words,
the controller Cn calculates the floor areca B of the air-
conditioned space.

(Step S22)

The controller Cn determines whether a flag indicating the
presence of a tloor heating device 1s set.

When the flag 1s set, the process proceeds to step S25.

When the flag 1s not set, the process proceeds to step S23.
(Step S23: Second Function)

The controller Cn determines whether the area defined by
the coordinates of data items included 1n a predetermined
temperature range of the floor thermal image data D2 1s
greater than or equal to the percentage pl (e.g., 30%) of the
floor area B. The data items included 1n the predetermined
temperature range of the floor thermal image data D2
correspond to the first temperature range element data 1tems.
The predetermined temperature range ranges, for example,
from 25 degrees C. to 35 degrees C.

When the range 1s greater than or equal to the percentage
pl, the process proceeds to step S24.

When the range i1s not greater than or equal to the
percentage pl, the process returns to step S21.

(Step S24)

The controller Cn sets the flag indicating the presence of
the floor heating device.
(Step S235)

The controller Cn determines whether the area defined by
the coordinates of data items included in a predetermined
temperature range of the floor thermal image data D2 1s
greater than or equal to the percentage p3 (e.g., 20%) of the
floor area B. The data items included 1n the predetermined
temperature range of the floor thermal image data D2
correspond to the first temperature range element data 1tems.
The predetermined temperature range ranges, for example,
from 25 degrees C. to 35 degrees C.

When the range 1s greater than or equal to the percentage
p3, the process proceeds to step S27.

When the range i1s not greater than or equal to the
percentage p3, the process proceeds to step S26.

(Step S26)

In step S26, the area defined by the coordinates of the
clement data items constituting the first temperature range
clement data 1tems 1s less than the percentage p3 of the floor
area B. The controller Cn maintains the rotation frequency
of the compressor 1.

(Step S27)

In step S27, the area defined by the coordinates of the
clement data items constituting the first temperature range
clement data items 1s greater than or equal to the percentage
p3 of the tloor area B. The controller Cn reduces the rotation
frequency of the compressor 1. A reduction can be set
depending on the extent of the area defined by the coordi-
nates of the element data i1tems constituting the first tem-
perature range element data i1tems.

For example, the reduction i1s set to x1 when the area
defined by the coordinates of the element data i1tems con-
stituting the first temperature range clement data items 1s
greater than or equal to 20% and less than 50% of the floor
area B, the reduction 1s set to x2 when the range 1s greater
than or equal to 50% and less than 80% of the floor area B,
and the reduction 1s set to x3 when the range 1s greater than
or equal to 80%. In this case, an in equation 1s satisfied that
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x3>x2>x1. In other words, a reduction 1n rotation frequency
of the compressor 1 1s increased as the area defined by the
coordinates of the element data items constituting the first
temperature range element data 1tems increases.

(Step S28)

The controller Cn determines whether a value obtained by
subtracting the floor temperature Tiav, obtamned from a
detection result of the infrared sensor 9, from a temperature
(indoor temperature Ta) measured by the thermistor 8 1s less
than or equal to V (predetermined temperature diflerence).
The tloor temperature Tiav can be obtained by, for example,

averaging temperatures represented by temperature data
items included 1n element data 1items in a certain range.

When the obtained value 1s less than or equal to V, the
process proceeds to step S29.

When the obtained value 1s not less than or equal to V, the
process proceeds to step S30.

(Step S30)

The controller Cn terminates the control process 1llus-
trated 1n FIG. 14.

ects of Embodiment 2

L

Advantageous

In Embodiment 2, the infrared sensor 9 1s used to obtain
data on the extent of a heated region of the floor heated by
the floor heating device, and the rotation frequency of the
compressor 1 1s adjusted on the basis of the obtained data,
thus achieving comfortable air-conditioning. In other words,
in Embodiment 2, comiortable air-conditioning can be
achieved without communication with the floor heating
device.

In Embodiment 2, as the heated region of the floor heated
by the floor heating device increases, a reduction in rotation
frequency of the compressor 1 1s increased. This setting can
reduce power consumption and increase the user comiort.

In Embodiment 2, the percentage p3 is less than the
percentage pl. In other words, the percentage pl, which 1s
greater than the percentage p3, tightens a criterion for
determining the presence or absence of a floor heating

the presence or absence of a floor heating device. Further-
more, as the percentage p3 1s less than the percentage pl, the
rotation frequency of the compressor 1 can be appropnately

adjusted 1n Embodiment 2 even when the heated region of

the floor heated by the floor heating device decreases.
Consequently, more finely adjusted air-conditioning can be
achieved.

In Embodiment 2, the rotation frequency of the compres-
sor 1 1s adjusted on the basis of the indoor temperature Ta
and the floor temperature Tiav. Specifically, the controller
Cn reduces the rotation frequency of the compressor 1 when
the floor temperature Tiav approaches the indoor tempera-
ture Ta. This operation can reduce the power consumption
and increase the user comiort.

The invention claimed 1s:

1. An indoor unit of an air-conditioning apparatus, the
indoor unit comprising:

a casing;

an inirared sensor disposed on the casing, the infrared

sensor configured to detect infrared radiation emitted to
an air-conditioned space; and

device. This setting can avoid an erroneous determination of
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a controller to which the infrared sensor outputs a detec-

tion result,

the controller being configured to

convert the detection result of the infrared sensor into

overall thermal 1image data representing a temperature
distribution within an infrared detection range of the
infrared sensor,

calculate, on a basis of the overall thermal 1image data, a

floor area of the air-conditioned space,

obtain, on a basis of the overall thermal 1image data, floor

thermal 1image data including a plurality of element
data 1items each including coordinates within the floor
arca and a floor temperature within the floor area
associated with the coordinates, and

determine, on a basis of the floor thermal image data,

whether a floor heater in the air-conditioned space 1s 1n
an on state, wherein

the controller 1s further configured to determine a heated

region within the floor area heated by the floor heater
on a basis of the floor thermal 1mage data,

the floor thermal 1mage data includes first temperature

range element data items including element data items
of the plurality of element data items each including
floor temperature within a predetermined temperature
range, and

the on state of the floor heater 1s determined when an area

defined by the coordinates of the element data items
included in the first temperature range element data
items 1s greater than or equal to a first percentage of the
floor area that 1s predetermined.

2. The indoor unit of an air-conditioning apparatus of
claim 1,

wherein, to determine the heated region within the floor

area heated by the floor heater, the controller 1s con-
figured to determine whether the area defined by the
coordinates of the element data items included in the
first temperature range element data i1tems 1s greater
than or equal to a second percentage of the floor area
that 1s predetermined.

3. The indoor unit of an air-conditioming apparatus of
claim 2, wherein the second percentage 1s less than the first
percentage.

4. The indoor unit of an air-conditionming apparatus of
claim 2,

wherein 1n a case where the area defined by the coordi-

nates of the element data i1tems included in the first
temperature range element data items 1s less than the
second percentage of the floor area, the controller 1s
configured to maintain a rotation frequency of a com-
pressor, and

wherein 1n a case where the area defined by the coordi-

nates ol the element data items included in the first
temperature range element data items 1s greater than or
equal to the second percentage of the floor area, the
controller 1s configured to reduce the rotation frequency
of the compressor.

5. The indoor unit of an air-conditioming apparatus of
claim 1, wherein the floor area of the air-conditioned space
1s obtained on a basis of temperature variations that 1s to be
generated along a boundary portion between a floor of the
air-conditioned space and a wall of the air-conditioned
space.

6. The mndoor unit of an air-conditioning apparatus of
claim 1, the indoor unit further comprising:

an air-sending fan disposed in the casing; and

a temperature sensor configured to measure a temperature

of the air-conditioned space,
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wherein 1n a case where the controller determines, during
a heating operation, that the floor heater 1s 1n the on
state, the controller 1s configured to adjust a rotation
frequency of the air-sending fan on a basis of a set
temperature of the air-conditioned space and a sensible
temperature obtained by subtracting a temperature cor-
rection value from the temperature measured by the
temperature sensor.

7. The indoor unit of an air-conditioning apparatus of
claim 6, wherein the controller 1s configured to increase the
rotation frequency of the air-sending fan 1n a case where a
difference between the set temperature and the sensible
temperature 1s greater than or equal to a predetermined
value.

8. The mdoor unit of an air-conditioning apparatus of
claim 6, wherein the controller 1s configured to maintain the
rotation frequency of the air-sending fan 1n a case where a
difference between the set temperature and the sensible
temperature 1s less than a predetermined value.

9. The mdoor unit of an air-conditioning apparatus of
claim 6, wherein 1n a case where the controller increases the
rotation frequency of the air-sending fan, the controller 1s
configured to reduce the rotation frequency of the air-
sending fan when a predetermined time has elapsed.

10. The indoor unit of an air-conditioning apparatus of
claim 1, the indoor unit further comprising:

an air-sending fan disposed 1n the casing; and

a temperature sensor configured to measure a temperature

of the air-conditioned space,

wherein 1n a case where the controller determines, during

a heating operation, that the floor heater 1s 1n the on
state, the controller 1s configured to adjust a rotation
frequency of the air-sending fan on a basis of a difler-
ence between the temperature measured by the tem-
perature sensor and the floor temperature.

11. The indoor umt of an air-conditioning apparatus of
claim 10, wherein the controller 1s configured to increase the
rotation frequency of the air-sending fan in a case where the
difference between the temperature measured by the tem-
perature sensor and the tloor temperature 1s greater than a
predetermined temperature difference.

12. The indoor unit of an air-conditioning apparatus of
claim 10, wherein the controller 1s configured to maintain
the rotation frequency of the air-sending fan 1n a case where
the diflerence between the temperature measured by the
temperature sensor and the floor temperature 1s less than a
predetermined temperature difference.

13. The mndoor unit of an air-conditioning apparatus of
claim 1, the indoor umit further comprising a vertical air-
directing plate disposed 1n an air outlet of the casing,

wherein 1n a case where the controller determines that the

floor heater 1s 1n the on state, the controller 1s config-
ured to adjust an angle of the vertical air-directing plate
to increase an angle formed by a floor and a virtual
plane that 1s parallel to the vertical air-directing plate
and intersects the floor.

14. The indoor unit of an air-conditioning apparatus of
claim 1, wherein the controller 1s configured to calculate the
floor area of the air-conditioned space before a compressor
1s activated or when operation start data 1s received from a
remote control configured to transmit operation information.

15. An mdoor unit of an air-conditioning apparatus, the
indoor unit comprising:

a casing;

a temperature sensor configured to measure a temperature

of the air-conditioned space;
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an infrared sensor disposed on the casing, the infrared
sensor configured to detect infrared radiation emitted to
an air-conditioned space; and

a controller to which the infrared sensor outputs a detec-

tion result,

the controller being configured to

convert the detection result of the infrared sensor into

overall thermal 1image data representing a temperature
distribution within an infrared detection range of the
infrared sensor,

calculate, on a basis of the overall thermal 1image data, a

floor area of the air-conditioned space,

obtain, on a basis of the overall thermal 1mage data, tloor

thermal 1mage data including a plurality of element
data 1items each including coordinates within the tloor
arca and a floor temperature within the floor area
associated with the coordinates, and

determine, on a basis of the floor thermal 1mage data,

whether a floor heater 1n the air-conditioned space 1s 1n
an on state, wherein

the controller 1s further configured to determine a heated

region within the floor area heated by the floor heater
on a basis of the tfloor thermal 1image data, and

in a case where the controller determines, during a heating,

operation, that the floor heater 1s in the on state, the
controller 1s configured to adjust a rotation frequency of
one or more of a compressor and an air-sending fan on
a basis of a set temperature of the air-conditioned space
and a sensible temperature obtained by subtracting a
temperature correction value from the temperature
measured by the temperature sensor.

16. The indoor unit of an air-conditioning apparatus of
claim 15, wherein the controller 1s configured to increase the
rotation frequency of the compressor in a case where a
difference between the set temperature and the sensible
temperature 1s greater than or equal to a predetermined
value.

17. The indoor unit of an air-conditioning apparatus of
claim 15, wherein the controller 1s configured to maintain
the rotation frequency of the compressor 1n a case where a
difference between the set temperature and the sensible
temperature 1s less than a predetermined value.

18. The indoor unit of an air-conditioning apparatus of
claim 15, wherein 1n a case where the controller increases
the rotation frequency of the compressor, the controller 1s
configured to reduce the rotation frequency of the compres-
sor when a predetermined time has elapsed.

19. An indoor unit of an air-conditioning apparatus, the
indoor unit comprising;:

a casing;

a temperature sensor configured to measure a temperature

of an air-conditioned space,

an inirared sensor disposed on the casing, the infrared

sensor configured to detect infrared radiation emitted to
an air-conditioned space; and

a controller to which the infrared sensor outputs a detec-

tion result,

the controller being configured to

convert the detection result of the infrared sensor into

overall thermal 1image data representing a temperature
distribution within an infrared detection range of the
infrared sensor,

calculate, on a basis of the overall thermal 1image data, a

floor area of the air-conditioned space,

obtain, on a basis of the overall thermal 1image data, floor

thermal 1image data including a plurality of element
data 1items each including coordinates within the floor
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arca and a floor temperature within the floor area
associated with the coordinates, and

determine, on a basis of the floor thermal image data,

whether a floor heater 1n the air-conditioned space 1s 1n
an on state, wherein 5
the controller 1s further configured to determine a heated
region within the floor area heated by the floor heater
on a basis of the floor thermal 1mage data, and
in a case where the controller determines, during a heating,
operation, that the floor heater 1s in the on state, the 10
controller 1s configured to adjust a rotation frequency of
one or more of a compressor and an air-sending fan on
a basis of a difference between the temperature mea-
sured by the temperature sensor and the tloor tempera-
ture. 15

20. The indoor unit of an air-conditioning apparatus of
claim 19, wherein the controller 1s configured to increase the
rotation frequency of the compressor 1in a case where the
difference between the temperature measured by the tem-
perature sensor and the floor temperature 1s greater than a 20
predetermined temperature difference.

21. The indoor unit of an air-conditioning apparatus of
claim 19, wherein the controller 1s configured to maintain
the rotation frequency of the compressor 1n a case where the
difference between the temperature measured by the tem- 25
perature sensor and the tloor temperature 1s less than a
predetermined temperature difference.
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